
INTRODUCTION
The most important risk factors for myocardial

infarction include among other things cholesterol (in clu-
ding LDL and HDL) and neutral fats – triglycerides (TG).
Correct concentrations of blood lipids are as follows: total 
cholesterol less than 200 mg%, LDL cholesterol below
135 mg%, HDL cholesterol above 35 mg%, triglycerides
less than 200 mg%. In patients with a higher risk of
cardiovascular disease the target values should be smaller.
Studies have shown that the risk of coronary arterial
disease increases with increasing concentration of serum
cholesterol; in patients with high cholesterol, it is 3-fold
higher than in the population with normal lipid profile
[10]. 

The aim of this study was to ana lyze the lev els of bio -
chemi cal pa rame ters in two groups of pa tients – with
a his tory of myo car dial in farc tion and with out myo car dial 
in farc tion and as sess ment of the im pact of the con cen tra -
tion of these pa rame ters on the risk of myo car dial
in farc tion.

MATERIAL AND METHODS 
The study was con ducted in pa tients suf fer ing from

ischemic heart dis ease, treated in five ran domly se lected
pri mary health care fa cili ties in Lublin. Pa tients re port ing
to the fam ily doc tor for a check re ceived a re fer ral to an
ana lyti cal labo ra tory to have ba sic tests per formed. The
ef fect of se lected vari ables – age, to tal cho les terol, LDL
cho les terol, HDL cho les terol, tri glyc erides (TG) on the
risk of myo car dial in farc tion was ana lyzed. The results
were sta tis ti cally ana lyzed [9]. The val ues of the ana lyzed
pa rame ters, meas ured in nomi nal scale were char ac ter -
ized by num bers and per cent age, but to evalu ate the
ex is tence of the re la tion ship be tween the ana lyzed traits
χ2 test of in de pend ence and Spear man rank cor re la tion
co ef fi cient and lo gis tic re gres sion analy sis, were used.
There was a 5% er ror of in fer ence and the as so ci ated sig -
nifi cance level p<0.05, in di cat ing the ex is tence of
sig nifi cant dif fer ences. The ana lyzed data base and sta tis -
ti cal ana lyzes were per formed based on Sta tis tica
soft ware 10.0 (Stat Soft, Po land).

Char ac ter is tics of the sub jects
The study in cluded 239 per sons aged 31 to 77 years.

The av er age age of the pa tients was 54.7±10.6 years. Most 
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fre quently, they were pa tients aged 51 years and half of
them did not ex ceed 53 years of age. The ma jor ity of them
were men – 185 per sons (77.4%) aged 33-77 years. The
av er age age of men was 55.8 ± 9.6 years, and women –
50.9±13.0 years. The young est par tici pant in the study
was 31 years old and the old est – 69 years old. The ob -
served dif fer ences were sta tis ti cally sig nifi cant (t=2.99,
p<0.05). In the stud ied group there were 147 pa tients
(61.5%) af ter myo car dial in farc tion, and 92 peo ple (38.5%)
with out the his tory of heart at tack.

RESULTS
Table 1 presents the characteristics of analyzed

biochemical variables. Total cholesterol for the study popu-
lation ranged from 121 mg% to 355 mg%, and the average 
level was 250.1±39.5 mg%.

Ta ble 1. Se lected meas ures of lo ca tion and dis per sion
of ana lyzed bio chemi cal vari ables.

Lp.
Studied
para-

meters

Average
level Minimum Maximum Standard

deviation

Coefficient 
of

variation

1. Total
cholesterol 250.1 121.0 355.0 39.5 15.8

2. HDL   45.0 20.0   94.0 11.7 26.1
3. LDL 172.8 61.4 257.8 40.4 23.4
4. TG 161.8 53.0 806.0 94.9 58.7

Av er age to tal cho les terol con cen tra tion in pa tients
with out the his tory of myo car dial in farc tion was lower
and reached 232.7±38.9 mg%, whereas for peo ple with the
myo car dial in farc tion it was on the level of 261.1±35.9
mg%. Sta tis ti cally sig nifi cant dif fer ences in to tal cho les -
terol lev els among these groups of pa tients were
con firmed (Mann- Whitney test: Z=-5.1; p<0.05) Among
the pa tients in whom myo car dial in farc tion has not oc -
curred to tal cho les terol con cen tra tion was 121 mg% to
298 mg%, and in half of the re spon dents it was not higher
than 235.5 mg% (Me = 238.5). In pa tients with a his tory
of myo car dial in farc tion the low est to tal cho les terol was
192 mg% and the high est – 355 mg%, for half of the pa -
tients the con cen tra tion was not lower than 255 mg% (Me
= 255). 

The rec om mended nor mal con cen tra tion of to tal cho -
les terol should be less than 200 mg%, and there fore tak ing 
into ac count the stan dards, two groups were se lected. The
first in cluded the re spon dents in whom the con cen tra tion
of to tal cho les terol was lower than 200 mg%; the other
group – with the con cen tration of at least 200 mg% (Ta ble
2). The ma jor ity were pa tients with ele vated to tal cho les -
terol – 213 per sons (89.1%). Sta tis ti cally sig nifi cant
cor re la tion be tween cho les terol lev els and the in ci dence
of myo car dial in farc tion (χ2 = 4.54, p<0.05) was con -
firmed. Ele vated cho les terol lev els sig nifi cantly more
of ten were re corded in pa tients af ter myo car dial in farc -
tion.

Ta ble 2. To tal cho les terol con cen tra tion in pa tients bro ken
down by groups.

Total cholesterol Patients 
without infarct

Patients 
after infarct Total

 < 200 mg%
15 11

26
16.3% 7.5%

 ≥ 200 mg%
77 136

213
83.7% 92.5%

 Total 92 147 239

The pro tec tive role of HDL cho les terol is re duced to
the re turn trans port of cho les terol from tis sues to the liver, 
and also to pre ven tion of the for ma tion of athe ro scle rotic
plaques and sta bi li za tion of the ex ist ing ones [5]. In the
ana lyzed popu la tion HDL cho les terol con cen tra tion was
20-94 mg%, and the av er age level was 45.0±11.7 mg%
(Ta ble 1). There were no sta tis ti cally sig nifi cant dif fer -
ences in the con cen tra tion of HDL cho les terol in pa tients
af ter myo car dial in farc tion, and in di vidu als in whom
myo car dial in farc tion has not oc curred (Mann- Whitey
test Z = -0.35, p >0.05). Cor rect HDL cho les terol level is
above 35 mg%. Hav ing re gard to the above stan dards, the
pa tients were di vided into two groups: pa tients with the
con cen tra tion of HDL cho les terol level over 35 mg% and
equal to or lower than 35 mg% (Ta ble 3). The ma jor ity –
191 per sons (79.9%) were pa tients in whom lev els of
“good cho les terol” was higher than 35 mg%. There was
no sta tis ti cally sig nifi cant cor re la tion be tween the ana -
lyzed vari ables (χ2 = 3.3, p>0.05) – HDL cho les terol
lev els, and the fact of myo car dial in farc tion.

Ta ble 3. To tal cho les terol con cen tra tion in pa tients bro ken
down by groups. 

Patient groups HDL >35 mg% HDL ≤  35 μγ% Total
Without infarct   79 13   92
After infarct 112 35 147
Total 191 48 239

LDL cho les terol lev els among re spon dents was
61–257.8 mg%, while the av er age level of LDL cho les -
terol was 172.8±40.4 mg% (Ta ble 1). The av er age level of 
LDL cho les terol was sig nifi cantly higher among pa tients
with a his tory of myo car dial in farc tion (p = 6.0, p>0.05)
and amounted to 184.4±7.1 mg%, while the av er age lev -
els of “bad cho les terol” in pa tients in whom myo car dial
in farc tion has not oc curred was 154.3±9.7 mg%. LDL
cho les terol lev els above 150 mg% is as so ci ated with an
in creased risk of coro nary ar tery dis ease, and there fore the 
analy sis of con cen tra tion of “bad” cho les terol in pa tients
was made in two groups (tak ing into ac count the above
stan dards). In the ma jor ity – 167 per sons (69.9%), LDL
cho les terol con cen tra tion was above nor mal. Sta tis ti cally
sig nifi cant re la tion ship be tween the level of LDL cho les -
terol and the two groups of pa tients was con firmed.
Sta tis ti cally ele vated lev els of “bad cho les terol” were ob -
served in pa tients af ter myo car dial in farc tion (χ2 = 28.1,
p>0.05) (Ta ble 4). 
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Ta ble 4. LDL cho les terol con cen tra tion in pa tients bro ken down
by groups. 

Patient groups LDL >150 mg% LDL ≤ 150 mg% Total
Without infarct   46 46   92
After infarct 121 26 147
Total 167 72 239

Tri glyc eride lev els for the study popu la tion was very
di verse – from 53 mg% to 806 mg%, the av er age con cen -
tra tion was 161.8±94.9 mg% (Ta ble 1). Sta tis ti cally
sig nifi cant dif fer ences were con firmed in the level of tri -
glyc erides in pa tients af ter myo car dial in farc tion and
those who have not had in farc tion (Mann- Whitey test Z =
2.2, p>0.05). The range of TG lev els in pa tients not suf fer -
ing from myo car dial in farc tion var ied from 77 mg% to
386 mg%, while in the sec ond group of pa tients tri glyc -
eride lev els ranged from 53 mg% to 806 mg%. In most
pa tients – 184 pa tients (77.0%) TG con cen tra tion was be -
low 200 mg% (Ta ble 5). There were no sta tis ti cally
sig nifi cant dif fer ences in the con cen tra tion of tri glyc eri-
des in pa tients of the ana lyzed groups (χ2 = 2.33, p>0.05). 

Ta ble 5. The con cen tra tion of tri glyc erides in the study
popu la tion bro ken down by groups

Patient groups TG < mg% TG ≥ 200 mg% Total
Without infarct   66 26   92
After Infarct 118 29 147
Total 184 55 239

A weak but sta tis ti cally sig nifi cant cor re la tion be tween 
the level of TG and HDL cho les terol (test for Spear man’s
rank cor re la tion co ef fi cient R = -0.31, t = 5.03, p>0.05)
was con firmed. Higher lev els of tri glyc erides are ac com -
pa nied by lower lev els of HDL.

Sub se quently, the in flu ence of se lected vari ables on
the risk of myo car dial in farc tion was ana lyzed. For this
pur pose lo gis tic re gres sion was ap plied. The in flu ence of
vari ables like age, to tal cho les terol, HDL and tri glyc eride
lev els on the risk of myo car dial in farc tion were ana lyzed.
Vari ables:
– to tal cho les terol – two cate go ries of pa tients were

sepa rated. Pa tients with cho les terol be low 200 mg%

were in cluded in the first group, the sec ond group in -
cluded the sub jects with more than 200 mg% – dis crete 
fea ture, in de pend ent vari able. 

– HDL cho les terol lev els. In di vidu als with HDL above
35 mg/dL rep re sented the cate gory I, be low that level
cate gory II – dis crete fea ture, in de pend ent vari able

– tri glyc eride level – the two cate go ries of pa tients. TG
con cen tra tion be low 200 mg% – cate gory I and above
this value – cate gory II of pa tients. Dis crete, in de pend -
ent vari able.

– age – age of the pa tients – a quan ti ta tive vari able, in de -
pend ent vari able.
Es ti ma tion of lo gis tic re gres sion equa tion was per -

formed us ing a quasi- Newton method. To count loss
func tion the maxi mum like li hood method was used. The
pa rame ters of es ti mated model are given in Ta ble 6.

Regression coefficients (score) for each variable are
statistically significant only for the total cholesterol and
HDL cholesterol. This is reflected in the values of statistic 
test Wald chi2 – p<0.05 (the vari ables – total cholesterol
and HDL cholesterol - are significant variables explaining 
the risk of heart attack). The odds ratio indicates that the
elevated levels of total cholesterol increase the risk of
myocardial infarction on average 3 times (from 1.2 to 6.9
with a 95% likelihood), and low levels of HDL (below
35 mg%), on average over two times (from 1 to 4.6; 95%). 

Summary of correct and incorrect classification (predicted
versus observed values) is presented in Table 7. The odds
ratio calculated as the ratio of the product of the correctly
classified cases to the product of incorrectly classified is
OR = 1.8, which indicates that the model classifies the
cases better than would be expected by pure chance.

Ta ble 7. Cor rect and in cor rect clas si fi ca tion of cases with the
fore cast ing model used. 

Observed
Classification of cases (stat. data)

Odds ratio: 1.7639 per cent correct: 61.51%
Pred. 0.000000 Pred. 1.000000 Percent correct

0.000000 20   72 21.73913
1.000000 20 127 86.39455
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Ta ble 6. The in flu ence of se lected fac tors on the risk of myo car dial in farc tion

N=299

Model: Logistic regression (logit) N of 0’s:1’s: 147 (data)
Dep.var: infarct code Loss: Max likelihood (MS-err. scaled to 1)

Total loss: 150.41805723 Chi2 (5)=17.717 p=.00333
Const.BO Cholesterol cat. HDL cat. TG cat. Age BMI cat.

Estimate -2.164127 1.068944 0.8560992 -0.58587 0.02301638 -0.5408703
Standard Error 1.331605 0.4382062 0.3782271 0.3296936 0.01339719 0.3114883
T(233) -1.625202 2.439363 2.263453 -1.777013 1.718001 -1.736406
p-value 0.1054713 0.0154606 0.02452861 0.07687062 0.08712492 0.08381375
-95%CL -4.787652 0.205591 0.110917 -1.235432 -0.003378725 -1.154564
+95%CL 0.4593973 1.932297 1.601281 0.06369159 0.04941149 0.07282321
Wald’s Chi-square 2.641283 5.95049 5.123218 3.157777 2.951528 3.015107
p-value 0.1041293 0.01471859 0.02361446 0.0755755 0.0858061 0.0825016
Odds ratio (unit ch) 0.1148502 2.912302 2.35396 0.5566214 1.023283 0.5822413
-95% CL 0.008332004 1.228251 1.117302 0.2907093 0.996627 0.315195
+95% CL 1.58312 6.905351 4.959383 1.065764 1.050653 1.07554
Odds ratio (range) 2.912302 2.35396 0.5566214 2.882776 0.5822413
-95% CL 1.228251 1.117302 0.2907093 0.8560544 0.315195
+95% CL 6.905351 4.959383 1.065764 9.70779 1.07554



DISCUSSION
Car dio vas cu lar dis eases are a ma jor cause of mor tal ity

in Po land. The most com mon risk fac tor for these dis eases 
in the Pol ish popu la tion are lipid dis or ders, re ported in
more than 60% of Pol ish adults (about 18 mil lion, the
study NATPOL PLUS) [11]. 

In creased se rum con cen tra tions of to tal cho les terol and 
LDL cho les terol lev els are among the main risk fac tors for 
car dio vas cu lar dis eases, in clud ing myo car dial in farc tion.
Hy per tri glyc eride mia and low HDL cho les terol con cen -
tra tion are in de pend ent risk fac tors for coro nary heart
dis ease [2]. The re duc tion in to tal cho les terol in the
plasma by 10% will re duce the in ci dence of coro nary ar -
tery dis ease by 25% in 5 years [3]. 

Clear evi dence was ob tained that the re duc tion in LDL
cho les terol re duces the risk of car dio vas cu lar dis eases and 
is im por tant in the pre ven tion of coro nary ar tery dis ease
[6]. Any re duc tion in LDL cho les terol of 1.0 mmol/L
(40 mg%) is as so ci ated with de creased mor tal ity from for
car dio vas cu lar dis eases and the in ci dence of non- fatal
heart at tacks by 20-25% [1]. 

It is known that low HDL cho les terol ex hib its in de -
pend ent re la tion ship with a higher risk of coro nary ar tery
dis ease [8]. The ERFC study dem on strated that the greater 
the con cen tra tion of HDL cho les terol, the lower was the
risk of coro nary ar tery dis ease, and an in crease in the con -
cen tra tion of non- HDL cho les terol, in creased the risk of
coro nary heart dis ease [8]. Pro tec tive ef fect of HDL cho -
les terol was ob served re gard less of the con cen tra tion of
tri glyc erides. 

Nu mer ous stud ies con firm the im pact of dyslipi de mia
on the risk of myo car dial in farc tion. The pro spec tive
study, Hart Co pen ha gen City Study, which in cluded 6400
men and 7600 women over 26-31 years old, dem on strated 
an in creased risk of heart at tack in peo ple with ele vated
tri glyc eride lev els [4]. Cur rently, it is still be lieved that
fast ing TG con cen tra tion  1.7 mmol/L (about 150 mg/dl)
is an in di ca tor of in creased risk.

The TNT study has shown that in spite of achiev ing
low lev els of LDL cho les terol (F mg/dl), with low con -
cen tra tion of HDL cho les terol (≤37 mg/dl), the risk of
car dio vas cu lar events dur ing 5- year ob ser va tion was by
39% higher com pared with the pa tients with high HDL
val ues (≥55 mg/dl) [7].

Pri or ity task in the pre ven tion of myo car dial in farc tion
should there fore be to re duce hy per cho les tero lemia in the
gen eral popu la tion, es pe cially in those at risk. Meas ures
should in clude in ten sive coun sel ing on changes in diet
and life style, and among those with a higher risk of car -
dio vas cu lar dis eases, it is es sen tial to in clude pharma-
co ther apy.

CONCLUSIONS
1. Among peo ple with ele vated lip ids (to tal cho les terol,

LDL cho les terol, and trigicerides) the pres ence of in -
farc tions is found sig nifi cantly more of ten.

2. There is a weak but sta tis ti cally sig nifi cant cor re la tion
be tween the level of tri glyc erides and HDL cho les -
terol. Higher lev els of tri glyc erides are ac com pa nied
by lower lev els of HDL cho les terol. 

3. The vari ables hav ing a sta tis ti cally sig nifi cant im pact
on the risk of heart at tack are ele vated lev els of to tal
cho les terol and low HDL cho les terol lev els.

4. High to tal cho les terol in creases on av er age 3- fold the
risk of heart at tack com pared to pa tients whose cho les -
terol level is nor mal.

5. Pa tients with low lev els of HDL cho les terol, on av er -
age have a 2- fold higher risk of myo car dial in farc tion
as com pared to pa tients whose con cen tra tion is higher
than 35 mg%.
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